Three acholeplasmas isolated from floral surfaces of healthy plants in Florida were found to be similar in their biochemical and serological properties. These organisms did not require serum or cholesterol for growth, although addition of some supplementary fatty acids (as represented by Tween 80) was necessary for growth to occur in serum-free medium. The three strains possessed biochemical properties typical of the Acholeplasmataceae and were distinguished from the nine previously recognized Acholeplasma species by serological and deoxyribopucleic acid-deoxyribonucleic acid hybridization techniques. The genome molecular weight of the three Acholeplasma strains was lo9, and the guanine-plus-cytosine content of the deoxyribonucleic acid was 27 to 28 mol%. On the basis of these results and other morphological, biological, and serological properties, we propose that these organisms represent a new species, Acholeplasmaflorurn. Strain L1 (= ATCC 33453) is the type strain.
commercial vegetables intended for human consumption (19) . Most of these isolations yielded strains of Acholeplasma laidlawii, Acholeplasma oculi, and Acholeplasma axanthum (8, 19) , species that have been previously identified as having animal origins (22) . However, although three isolates from citrus and ornamental flowers in Florida were related to each ather, they were not related to any previously described Acholeplasrna species. In this paper we define the basic characteristics of these flower surface acholeplasmas and describe their unique biological properties. We propose that these organisms be given taxonomic status as a new species of Acholeplasrna.
MATERIALS AND METHODS
Achdeplusmu strains. Details of the primary isolation technique for flower surface-inhabiting strains have been described previously (13) . Strain PP2 was obtained from blossoms of Calliandra haematocephalus, whereas strains LIT (T = type strain) and GF1 were obtained from flowers of lemon (Citrus limon) and grapefruit (Citrus paradisi), respectively. Primary isolation was in MC (14) or SP-4 (24) broth medium without antibiotics. Each Acholeplasma strain was purified by a 3 x filtration-cloning technique (21) 
4782.
Media and cultivation procedures. Isolates were routinely grown in MC broth or in the serum fraction medium described previously (17) . We developed a serum-free medium that contained mycoplasma broth base (BBL Microbiology Systems, Cockeysville, Md.) supplemeuted with 10% fresh 25% yeast extract (Microbiological Associates, Bethesda, Md.), 0.5% glucose, 500 U of penicillin G per ml, 0.002% phenol red, 0.5% bovine serum albumin, 0.04% Tween 80, and 10 pg of palmitic acid per ml. Solid medium was prepared by adding 0.8% Noble agar (Difco Laboratories, Detroit, Mich.) or 1.0% agarose to the broth base before autoclaving. Cultures were grown aerobically at 25 to 30°C.
Reversion studies. Primary isolation of strains LIT, PP2, and GF1 was in antibiotic-free media, and more than 30 passages were made in the absence of penicillin. In addition, transfer of these strains to penicillin G-containing serum fraction medium followed by serial passage in serum-free broth with transfer to blood agar plates at each passage was done to screen for bacterial revertants.
Filtration studies. Eighteen-hour cultures of strains LIT, PP2, and GF1 were passed through cellulose acetate membrane filters having pore diameters of 0.65, 0.45, 0.3, 0.22, and 0.1 pm, and the numbers of color-changing units in the filtrates were determined from 10-fold-serial dilutions in broth.
Morphology. Broth cultures of all three acholeplasmas were examined by phase-contrast microscopy and dark-field microscopy. Ammonium molybdate contrast preparations of whole organisms from cultures and ultrathin sections of pelleted organisms were examined by transmission electron microscopy as described previously (13) .
Tests for biological and biochemical properties. Sterol requirements were determined by a broth culture method (16) . A 2% inoculum was used, and the cells were harvested after 24 h. Susceptibility to digitonin was assayed by a plate method, using MC agar medium and a paper disk (diameter, 6 mm) soaked in 1.5% digitonin (10) . The procedures used to determine carbohydrate fermentation and arginine and urea hydrolysis have been described previously (1) . Production of P-D-glucosidase was tested by using the methods of Williams and Wittler (27) and Ern@ and Stipkovits (9) . Carotenoid production was tested by the method of Tully and Razin (23) .
Serological tests. Antisera to strains LIT, GF1, and PP2 were raised in rabbits as described previously (7). Hyperim-INT. J. SYST. BACTERIOL. Disk growth inhibition tests (3) were performed on serum fraction or MC agar medium, and direct plate immunofluorescence antibody tests were performed by using fluorescein-conjugated antisera to the organisms listed above (6) . A direct enzyme-linked immunosorbent assay was performed as previously described (7).
Polyacrylamide gel electrophoresis. One-dimensional slab polyacrylamide gel electrophoresis was performed as described by Mouches and Bove (14) . Whole cell proteins were solubilized in 16% glycerol-3% sodium dodecyl sulfate-0.17% dithiothreitol, diluted in gel buffer, and electrophoresed on 10% acrylamide gels at 100 V (constant voltage; ca. 160 mA). The gels were stained with Coomassie brilliant blue or silver stains (BioRad Laboratories, Richmond, Calif.).
DNA characteristics. The guanine-plus-cytosine contents of the deoxyribonucleic acids (DNAs) of the three Acholeplasma strains were determined from the buoyant density profiles established by equilibrium density gradient centrifugation in CsC12 in Spinco model E and MSE Centriscan 10 analytical ultracentrifuges, using the method of Schildkraut et al. (18) . The DNAs of Spiroplasma citri and Escherichia coli were used as reference standards. Genome sizes were determined from kinetic complexity by the method of Wetmur and Davidson (25) . 
RESULTS
Morphological and cultural properties. Broth cultures of strains PP2, LIT, and GF1 grew rapidly, producing heavy turbidity in 18 h in MC broth, serum fraction broth, or serum-free Tween 80 broth. Light microscopy revealed round forms and heavy clumping of cells to form the suspended microcolonies responsible for the turbidity. Electron microscopy of ammonium molybdate-contrasted cells also revealed some clumping (13) , and ultrathin sections showed a trilaminar unit membrane and no evidence of cell wall material outside the cytoplasmic membrane (Fig. 1) . The organisms grew at 18 to 37"C, but not at 40°C. No growth occurred in serum-free media without the fatty acids provided by the Tween 80-palmitic acid-bovine serum albumin supplement. The colonies on agar media exhibited typical fried egg morphology and ranged in size from 200 to 300 pm in diameter (Fig. 2) .
Reversion studies. No reversion to bacterial forms was observed after 30 passages in antibiotic-free media, nor were bacterial forms observed after transfer to penicillin-G containing media and subsequent passage in serum-free medium.
Filtration studies. Cloned broth cultures of all three Acholeplasma strains contained lo7 to lo8 color-changing units per ml of medium ( Table 1 ). The number of color-changing units decreased logarithmically with decreasing pore size after filtration through filters having pore sizes of 0.65, 0.45, 0.3, 0.22, and 0.1 pm. No organisms were detected in the filtrate that passed through 0.1 pm pores.
Biochemical and biological properties. All three strains fermented glucose but not mannose, did not hydrolyze esculin or arbutin, did not produce carotenoid pigments, did not hydrolyze arginine or urea, and did not liquefy coagulated serum or hemadsorb guinea pig erythrocytes. Although all three strains developed 2-to 4-mm radial inhibition zones to digitonin on 20% horse serum agar, no response to added cholesterol was detected when the broth culture method was used (Table 2) . Serological tests. Growth inhibition and plate immunofluorescence tests indicated that the three Acholeplasma strains which we studied are distinct from all other Acholeplasma species and the glucose-fermenting Mycoplasma species. Reciprocal growth inhibition tests and enzyme-linked immunosorbent assays performed on the three strains confirmed that they were related to each other but not to A . laidlawii ( Table 3) .
Polyacrylamide gel patterns. The one-dimensional polyacrylamide gel electrophoresis patterns of the three flower Acholeplasma strains were similar and were readily distinguished from those of A. laidlawii (Fig. 3) . The silver stain produced more and sharper bands than the usual Coomassie brilliant blue gel stain.
DNA characteristics. The guanine-plus-cytosine contents of the DNAs of the three acholeplasma strains averaged 27.3 2 1 mol%, as determined independently in two laboratories (Institut National de la Recherche Agronomique, Bordeaux, France, and John Innes Institute, Norwich, England). The genome molecular weight was 1.05 x lo9 k 0.3 x lo9.
DISCUSSION
A unique feature of the three strains described here is the fact that they were isolated from the surfaces of subtropical flowers. This is the first documented evidence of the isola- Amount of protein in the cell pellet obtained from 100 ml of Serum-free base medium alone. Serum-free base medium supplemented with 0.5% albumin and Serum-free base medium supplemented with 0.5% albumin, 10
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pg of palmitic acid per ml, and 0.04% Tween 80.
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fraction.
tion of new, non-sterol-requiring mycoplasmas from sources other than animals. Subsequent isolations of related organisms have been made from flowers in temperate regions (Colorado, Nebraska, and Illinois) (26). The relationship of the temperate region isolates to the Florida strains was demonstrated by nucleic acid hybridization and fluorescent antibody serological tests. It is yet to be determined whether flower surfaces represent primary habitats for these organisms or whether the plant surfaces are just resting sites. We suspect that insects carry the flower mycoplasmas from site to site, and indeed several flower spiroplasmas have been demonstrated to be pathogenic to insects (2, 7, 15). The morphology, the filterability, the guanine-plus-cytosine content of the DNA, and the absence of reversion to bacteria of these organisms indicate that they belong to the Cells pass through filters having 0.45-km pores, but most ,are retained on filters having 0.22-pm pores.
Colonies on agar are umbonate.
Cultures are resistant to penicillin, and no reversion to walled forms occurs in the absence of penicillin.
No growth response occurs when supplementary cholesterol is added, although digitonin is slightly inhibitory to ,growth on horse serum-containing agar.
Films and spots are produced on serum-containing media. Glucose is utilized, but mannose, arginine, and urea are Carotenes are not produced, nor is P-D-glucosidase. The species is serologically distinct from other Achole-
The known strains were isolated from flower surfaces;
The guanine-plus-cytosine content of the DNA is 27.3 k 1
The genome molecular weight is 1.05 x lo9 5 0.3 x lo9. The type strain is strain L1 (= ATCC 33453). The type strain has all of the characteristics given above for the species.
